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INTRODUCTION
Sustainability has been an important issue since ancient times. However, nowadays, the sustainability is considered much more in the manufacturing and use of natural resources, which are required for human beings. Strategic long-term plan on waste management needs to consider the ethical, environmental, and global issues in order to improve the quality of human life [1] . The introduction of the concept of "sustainability" in the building sector has gradually led to the production of insulation products made of natural or recycled material. Some of them are already present in the market while others are still at an early stage of production or study. These approaches could be particularly important and useful in developing countries, which do not have welldefined recycling policies, and they are affected by disposal issues due to large quantities of agricultural and industrial by-products [2] . The disposal problem of industrial wastes due to the growing construction sector has been pressuring the *Sorumlu Yazar (Corresponding Author) e-posta : eraydin@eul.edu.tr world leaders to consider the implementation of new sustainability strategies to reduce environmental effect of such wastes. The improvement in the recycling rate of industrial wastes, increased landfill taxes, and site waste utilization based on guidelines and code of practice are such examples. Additionally, the waste can be treated or managed on site to allow the concrete producers use those wastes efficiently to improve the green building technologies [3] . The positive implementation of new sustainability strategies, especially on site, can support the sustainable development of the construction sector, which uses 20-25% of annual world energy during the production of cement, plastic, and steel. During the production of concrete, approximately 1.5 billion tons of cement, 1 billion tons of water, and 10 billion of fine and coarse aggregates are being used annually around the world [5] . The concrete annual production has reached 25 billion tons. China and India are the top-ranking countries for such production, responsible for approximately 50% of the world production and thus for the waste production [5] . However, rapid urbanization and customers' expectations and desires have affected the construction sector. To successfully implement the sustainability strategies, concrete producers and institutions should work together. At this time, changing the current bad scenario (continuous CO2 emission) in building construction to a sustainable solution does not seem to be a pessimistic approach. More research needs to be conducted to show that "concrete is an environmentally friendly material" that can be manufactured using large amount of industrial wastes, such as marble powder, fly ash, bottom ash, coconut husk ash, rice husk ash, and various fibers [6] [7] [8] [9] . During the production of the marble cutting and shaping, a powder in slurry form of marble accumulates near the plant. Current studies have proven that if those marble powders are collected and utilized for concreting purposes, the physical and mechanical properties of the final products can be improved. The two different forms of wastes, i.e., fine materials of less than 2 mm and large marble particulates especially in granular forms, are produced during manufacturing process. During cutting operation of one cubic meter of marble block, roughly 25% of fine particles are produced as wastes. This is the main reason for trying to find a sustainable solution to this problem (i.e. waste utilization rate) [15] . Most laboratory studies evaluated the marble dust in mortars and concrete. The effects of marble dust on workability and strength have been compared with those of the control samples [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Valeria and Moriconi [22] evaluated the marble powder with very high Blaine fineness and observed that the marble powder had positive effect on mortar and concrete strength, especially in self-concreting applications. Binici et al. [11] found that the concrete composed of marble powder has higher compressive strength compared to concrete produced with limestone dust.
The marble powder is used in precast concrete industry at elevated temperature and self-concrete applications. Large numbers of precast units are produced this way. The researches noticed that adequate curing is necessary to prevent the secondary ettringite formation. The scanning electron microscopy investigation showed that pastes temperature below 105 0 C form coarser calcium silicate hydrate gel in early age compared with the same pastes cured in water. The thickness of the calcium silicate hydrate near the cement grains tends to increase with increasing elevated temperature. However, the thickness of the inner calcium silicate hydrate was denser than its outer hydrate products for paste prepared at 80 0 C [23] . At elevated temperatures, a greater proportion of Portlandite was found to form dense clusters, as opposed to the more usual lamellar type morphology observed in ambient conditions [23, 24] . The loss of water due to elevated temperature can cause microstructural changes in concrete, such as increase in porosity, and weaken the calcium silicate hydrate gels. The previous findings showed that the loss of bound water occurs around 100 -300 0 C, causing the development of micro-cracks in mortar and concretes. The strain differences in composites due to temperature rise cause expansion, shrinking upon cooling. The few data are available for cement pastes at elevated temperatures [25] . The performance of the composites is said to be durable when exposed to chemical attacks, such as sulfates, chlorides, and acidic environment, if the porosity is lower. However, the behavior under elevated temperatures needs more attention to qualities like durability. The spalling is the form of deterioration in structures, especially the concrete, at high temperatures. The density of concr ete, moisture content, mineral admixtures, and the rate of temperature affect this behavior under elevated temperatures. Thermal stress, water vaporization, and high pore pressure are the consequences of the elevated temperature [26] . After long-term exposure, cement paste prepared at elevated temperature undergoes microstructural changes leading to cracking, as the expansion causes failure of the composites. Physico-chemical transformation and thermal strains are the two main phenomena that have to be considered. It was reported that the mechanisms involved in alkali aggregate reactions are a widespread problem in nuclear plants and other concrete structure [27] [28] [29] [30] [31] [32] . The elevated temperature adversely affects the compressive strength, modulus of elasticity, resistance to abrasion, and resistance to sulfate attack, among others. The elevated temperature affects the hardened cement paste the consistency of which depends mostly on the degree of hydration and available moisture. Beyond the 300 0 C, the interlayer calcium silicate hydrate water and some of the bound water from the hardened gel might be lost. After this formation, decomposition of the Ca(OH)2 begins around 500 0 C and the final stage is the result of the complete decomposition of the calcium silicate hydrate at 900 0 C [24, 29] . As temperature increases, water to cement ratio tends to decrease while the porosity increases [33] . Further, the pore system in hardened cement paste also changes with degree of hydration and chemical changes. Pores are created and become larger by thermal microcracking as the elevated temperature increases. At elevated temperature, porosity of cement paste increases due to non-uniformly distributed hydration products. The hydration products at elevated temperatures are coarser and porous compared to those at normal temperature [24, 30] . Lower bound water content and high rate of dissipation of water at elevated temperature cause the formation of a coarser and more uneven hardened cement paste (HCP) structure. Additionally, capillary suction of water especially into the microcracks results in the formation of a less dense matrix [23] . The hydrates are stable at low temperatures while at higher temperatures, they consist of destabilized water molecules. Upon selfdesiccation, the exerted force created by the chemically bound water to the adjacent sides causes crystallization. At high temperature, the hydrates are more crystalline compared to those formed at lower temperatures (i.e., denser with low surface area). The decrease in surface area causes more hydration with the help of physically bound water. This can be used for better understanding of the low and normal water-cement ratio systems. At low water to cement ratio, the available water is inadequate for hydration (i.e., in the case of selfdesiccation). The reduction in absorption increases the available water for hydration [24, 33, 34] . The reduction in compressive strength at elevated temperatures due to the quick arrangement of denser inner hydrate products on the surface of the cement grain resulted in a decreased hydration rate and increased porosity. Pozzolanic materials reactions caused no remarkable changes in the water phase distribution, but they did bind a large portion of the accessible water originally in the mixture through surface absorption. Thus, the effects of pozzolans on the water phase distribution include reducing the existing w/c ratio. Therefore, the presence of a filler in the system initially increased the w/c ratio, and the critical effect reduced the amount of water available for cement hydration, thereby causing a large reduction in strength [19, [23] [24] [25] . The aim of this study was to determine the physical and mechanical properties of pure marble cement paste at elevated temperatures, as construction materials, to determine the effects of marble dust in both fresh and hardened states and minimize the environmental pollutions for better sustainability. For this purpose, various amounts of marble dust were used to investigate the physical and mechanical properties of cement paste composites at elevated temperatures. Most published literature has dealt with mortar and concrete whereas only limited research on marble powder in cement paste has considered the increasing trend in sustainability.
MATERIALS AND METHODS

Materials
The chemical compositions and selected physical properties of the components employed are presented in Table 1 . Ordinary Portland cement of grade 42.5 that conforms to ASTM C150M-15 [35] was used in this research. The Blaine fineness of the cement was 305 m 2 /kg, and its specific gravity was 3.15. The marble slurry was collected from a dumpsite near a marble processing plant. The marble slurry consisted of powder and lumps. Before its use, the slurry was dried at room temperature for 72 h, and the dried lumps were then completely reduced to powder (i.e., most particles having a diameter of less than 50 µm). The specific gravity was 2.49, and the fineness of the powder was 335 m 2 /kg. Its chemical composition is presented in Table 1 . Table 1 . Chemical compositions of marble dust and cement Tap water was used as the mixing and curing liquid in all the mixtures. The water was free from deleterious materials.
Preparation, Casting of Test Specimens and
Mixture Proportioning Cement paste composites were mixed in a Hobart mixer (planetary laboratory mixer MA-52X mixer type, Gilson Company, USA) with 4.7-liter capacity. Marble dust and cement were mixed together in dry form for 30s, and tap water was then added to the mix. The mixtures were then cast and consolidated by vibration for 1 min. Specimens were extracted from the molds after 1 to 2 days and kept in a curing room at 20  1°C and 70% relative humidity for the entire curing period until testing (at 28 days). Two different mix groups were prepared, first group (G1) comprised marble dust (80%) and cement (20%), and the second group was prepared by mixing 60% of marble dust and 40% Portland cement. The water/binder (w/b) was fixed at 0.43 to achieve the required slump for both groups. Each group was tested at different temperatures (Control (0 C°, room temperature), 300 C°, 600 C°, 900 C°, and 1050 C°) using high temperature oven and tested for water absorption (WA), density, and compressive strength. Workabilities of specimens were determined using a flow Table 2 . Six samples were used for each test and average used in Tables and Figures. The flow table test, mini slump test and preparation of fresh marble-cement paste mixture composites are shown in Fig. 1a, Fig. 1b and Fig. 2 , respectively 
RESULTS AND DISCUSSION
The fresh unit weight, flow table and inverted slump test results for cement paste composites are presented in Table 3 . Water content is a key factor affecting the fresh properties. It should be noted that the relationship between slump and water content for a given set of materials is nonlinearly proportional [33, 41] . Since the slump affects the ease with which the mixture will flow during placement, most mix design procedures rely on slump as a crude index of workability [41] . The hardened marble-cement paste composites after elevated temperature are shown in Figure 3 . The dry unit mass (DUM) before and after elevated temperature for marble cement paste composites are presented in Table 4 .
Figure 3. Hardened marble cement composites after elevated temperature
The reductions in DUM values were calculated as 2.1%, 11.4%, 16.8%, and 34.7% for G1 and 8.4%, 9.6%, 11.1%, and 34.6% for G2 at 300 o C, 600°C, 900 o C, and 1050 o C, respectively, when comparing the initial and elevated temperatures. The DUM of G1 was 1350 kg/m 3 at 0 C° but decreased to 844 kg/m 3 at 1050C°. The mass loss by the elevated temperature was non-linear. The cement paste composites comprised various sizes of connected and disconnected pores. The mixture proportions affected the pore size distribution, and the use of marble dust or other supplementary cementious materials led to a formation of the densified matrix and pore size refinement. The highest mass loss reported in mixture groups at 1050 C°. This is due to the loss of free combined water which was removed around 1000 C°. Water that remains in small pores is difficult to remove. When temperature increases, the mass loss occurs in three stages, drying, evaporation, and decompostion. The increase in dry unit mass in G1.3 is due to water absoprtion value. The increase in porosity of paste, which absorbs readily available water, leads to the formation of more hydration products. The rate of water loss from hardened cement paste due to the increasing elevated temperature affects the surface/volume ratio of the structure. Higher loss of water from the final composite can cause a reduction in its dry unit mass. Increasing elevated temperature reduces the particle surface area of the cement-marble composites, which can cause weakening of the interface bond at high temperatures. This can cause a reduction in the DUM values at elevated temperature [23, 30] . A DUM value of the final composites indicates that the final composites are in the range of lightweight concrete. This lightweight composite with dry unit mass ranging between 1210 -1670 kg/m 3 is quite lower compared to those of conventional construction materials, promising beneficial outcomes in terms of construction costs and earthquake safety. The final product can be used satisfactorily in the manufacturing of lightweight aggregates and semi-isolating materials. Based on the DUM values of mix groups, the final composites can be used satisfactorily in manufacturing of aerated composites. Density of aerated composites varies from 300 to 2100 kg/m 3 . They are widely used in the manufacture of lightweight concrete wall panels, the manufacture of light commercial structures and residential houses [41, 42] . The air-void system of the HCP was found perform better. The water absorption test results for marble cement paste composites is presented in Fig. 4 . Reduction of marble dust decreases water absorption due to amount of cement particles, which helps increase the degree of hydration and thus the rate of calcium silicate gel that fills the voids and prevents or reduces water absorption. From the result of experiment for mixture proportion 2, which are shown in Fig.4 , it can be clearly observed by increasing elevated temperature the water absorption rate dramatically reduced. For G1, the water absorption increased from 32.77% to 40.34% by increasing room temperature (21 C° -23 C°) to 1050 C°. For the same temperature, water absorption rate increased from 30.17% to 39.87% for G2. WA values of HCP composites increased with elevated temperature for all slump classes. This could be due to the increased porosity of hardened cement paste and microstructural changes of the hydrated paste upon heating [23] . A water absorption property is also related to the bonding capability of the matrix, which diminished over time when in contact with elevated temperature. Evaporation of water causes the emptying of pores of the matrix and shrinkage due to the elevated temperature. Additionally, loss of water molecules in hardened cement paste, which adheres to the angular cement grains before elevated temperature, increases the WA values. Increasing temperature weakens the matrix bond. The distance between the atomic molecules of cement grains and mineral admixtures in the matrix increases, and many capillary channels develop throughout the surrounding structure, and as a result of this phenomenon, WA values increases. The various types of water are readily lost due to increasing temperature of cement paste composites. The breakage of the bond between the matrixes can increase WA. The compressive strength test results at 28-days for various elevated temperatures are shown in Fig.5 . The highest compressive strength value in Group 1 (G1) was 5.2 MPa, which contained 80% of marble dust, while the highest value in group 2 (G2) was 7.4 MPa, which contained 60% of marble dust. This means that by reducing marble dust for the same paste volume, compressive strength is reduced. The compressive strength for group (G1.2) at 300 C° was 3.7 Mpa, which decreased to 1 MPa at 1050 C°. The results indicate that by increasing the elevated temperature, the compressive strength decreased. The increase in temperature is associated with strength loss, which can be minimized by using finer grain size distribution. The coarser grain size can cause particle damage at high temperatures, especially above 600 C°. The weakening of the cement paste bond due to increased porosity, breakdown of the calcium silicate hydrate gels, and microstructural modification are the main reasons for such a decrease at elevated temperature. Generally, the marble cement paste composites seem to be more stable at around 300 C° and above this temperature, the weakening starts by collapsing of the interparticular bonds, thus decreasing the strength. Comparable results have been reported in literature [24] [25] [26] [27] [28] 41] . Water to cement ratio does not seem to affect the decrease in strength. Some research has shown that water to cement ratio has little effect up to 600 C°. Compressive strength tests results showed that marble cement paste composites have adequate strength for the use in low to medium technology applications, such as in manufacturing of bricks, tiles, road bases, and structural fill applications. For structural fill applications, the required minimum compressive strength may vary from 0. 0 C and then decreased upon elevated temperature. The porosity is higher at higher temperatures, which reduces the FS of the cement paste. The marble dust influenced the degree of strength loss [24, 44] . Final composites meet the requirements for performance, cost, and practicability, and they can satisfactorily be used for different civil engineering purposes [45] [46] [47] [48] [49] [50] [51] . Extra calcium hydrate is formed due to the addition of marble powder. Higher marble dust replacement percentage is associated with decreased reduction of calcium hydrate content. At elevated curing temperatures, the calcium hydrate reduction reaches a very high level in a short time. From the strength point of view, the binder ratio (i.e., cementitious material amount in paste) porosity relation is undoubtedly the most important factor. The strength of the matrix improves significantly at very low water/cement ratios, and the size of Ca(OH)2 crystals becomes smaller with decreasing water/cement ratios [24, 41] .
CONCLUSIONS AND RECOMMENDATIONS
The compressive strength of marble-cement paste composites used in this study is very low. The marble wastes obtained from the factory was directly used without any treatment. The study considered the use of marble waste as controlled-low strength applications. The growing attractiveness of using environmentally friendly, low-cost, lightweight construction materials conveys the need to examine how this can be attained by promoting environmental issues, while still meeting the requirements affirmed in the relevant standards. In order to promote those novel based composites in construction industry either testing methodology or level of replacements mentioned in these standards need to be reevaluated. By increasing marble dust and cement, the hydration reaction processes become faster. Adding fiber to the mixture slightly increases flexural strength. 8. Since the environmental pollution is a big problem in the world, and one of the major sources of environmental pollution is solid waste, to reduce this problem as well as to improve cement paste properties, further studies are needed to find best optimization for durability of the marble cement paste composites. Additionally, to better understand fresh properties of such composites, the rheology of the marble cement paste composites should also be investigated.
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